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ABSTRACT 



Method for judging a color difference between a color 
of an object and a reference color and apparatus there- 
for in which it is judged at first if the color difference 
exists within a predetermined range in which it is diffi- 
cult to determine whether or not the color difference is 
definite and, if it exists within the predetermined range, 
the color difference is judged whether it is substantial or 
nealigible according to rules according to Fuzzy infer- 
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METHOD FOR JUDGING A COLOR DIFFERENCE 
USING RULES FUZZY INFERENCE AND 
APPARATUS THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for judging 
color of an object (the color difference) using a color 
camera or a color sensor and an apparatus therefor, 

2. Description of Related Art 

Various color judging methods using a color camera 
or sensor have been developed. For example, there has 
been known a binary color difference judgment 
wherein a color difference between an object and a 
reference sample is measured, the measured color dif- 
ference is compared with a predetermined value and a 
judgment in two ways of OK and NO is made accord- 
ing to the result of comparison. 

However, such a simple method as mentioned above 
often fails in obtaining a credible judgment with a high 
accuracy since the color of an object accompanies with 
a certain vagueness. This is especially true in such a case 
that a delicate color difference due to dyeing specks of 
cloth or between respective lots of cloth is to be judged. 

Accordingly, in such a case, the visual examination 
by an expert is done actually to guarantee the credibility 
in the color difference judgment. 

However, the visual examination includes variety due 
to personal difference and/or time series resulting in 
insufficient credibility and stability. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide 
method and apparatus forjudging color difference with 
excellent uniformity and credibility. 

Another object of the present invention is to provide 
method and apparatus wherein judgment is done in 
response to the degree of a color difference detected. 

To accomplish these objects, according to the present 
invention, there is provided a method for comparing a 
color of an object with a reference color having mea- 
sured beforehand and judging a color difference be- 
tween two colors which comprises, step for measuring 
said color of an object, step for calculating a color dif- 
ference between said color of an object and said refer- 
ence color, step for determining whether or not said 
color difference exists within a predetermined range in 
which it is difficult to determine if said color difference 
is defmite or negligible, and step for fudging whether or 
not said color difference is substantial, when it exists 
within said predetermined range, with use of Fuzzy 
inference. 

According to the present invention, maimers and 
knowhow for judging the color difference by experts 
are taken into rules by Fuzzy inference and, therefore, 
the accuracy and the credibility in the automatic judg- 
ment of the color, difference are highly enhanced. 

According to one aspect of the present invention, the 
predetermined range is determined in relation to the 
reference color using rules based on Fuzzy inference. 
This aspect can improve the accuracy and the credibil- 
ity of the judgment of the color difference much more 
since the rules for the judgment are set in the best man- 
ner according to the color of an object to be compared 
with the reference color. 



BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
invention will become clear from the following descrip- 
5 tion taken in conjunction with the preferred embodi- 
rhent thereof with reference to the accompanying draw- 
ings, in which: 

FIG. 1 shows a schematic composition of the system 
for judging the color difference according to the pres- 
10 ent invention; 

FIG. 2 shows a flow chart of the color difference 
judgment to be executed by CPU of the system; 

FIG. 3 shows membership functions for calculating a 
reference value to be used for determining whether or 
13 not the judgment of the color difference is to be done 
using Fuzzy inference; 

FIG. 4 shows membership functions for judging the 
color difference according to the first preferred em- 
bodiment of the present invention; 
20 FIG. 5 shows rules for selecting the most probable 
rule among rules formulated using membership func- 
tions shown in FIG. 4; 

FIG. 6 shows color data related to samples of dark 
blue family; 

2^ FIG. 7 shows membership functions formulated in 
relation to the color data shown in FIG. 6; 

FIG. 8 shows membership functions formulated to 
judge the color difference using the above sample data; 

FIG. 9 shows explanatory views for indicating the 
credibility in the conventional method and the method 
according to the present invention; 

FIG. 10 shows another model employed in the sec- 
ond preferred embodiment of the present invention; 

FIG. 11 shows an example in which it is judged there 
is a significant color difference; and 

FIG. 12 shows an index function for determining 
whether or not there is a significant color difference. 

DETAILED DESCRIPTION OF THE 
40 PREFERRED EMBODIMENT 

First Preferred Embodiment 

FIG. 1 shows a system composition of an on-line 
color difference judging apparatus according to the 
45 present invention. 

A textile fabrics 1 to be inspected is conveyed be- 
tween two rollers 2 and color information thereof is 
detected by a color camera 3 or sensor arranged be- 
tween two rollers 2. The color information detected is 
SO inputted, via an interface circuit 4, to a CPU 5. At this 
stage, voltage signals outputted from the color camera 3 
are transformed into values in a color specification 
space defined for representing color quantitatively. 

In this preferred embodiment, CI£ Lab color specifi- 
SS cation system is used. 

To the CPU 5, a key board 6, a display 7 and a printer 
8 are connected. The CPU 5 also controls, via. a driving 
circuit 9, conveyor rollers 2. 

The system may provide a warning device such as a 
60 buzzer or a warning lamp activated when an abnormal 
color difference is detected and a memory disk appara- 
tus for storing data. 

FIG. 2 shows a flow chart of the color difference 
judgment to be executed by the CPU 5. When the sys- 
65 tem is activated by operating a power switch, the CPU 
5 is initialized at step SI. 

In this initialization, Lab color specification system is 
selected and values Lq, ao, bo of a reference color are 



40 
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inputted through the key board 6 in a reference color 
data input mode. Thereafter, when a measuring mode is 
selected at step SI, a reference value Cr for judging a 
color difference is calculated based on the values La ao, 
bo having been entered at step S2. This calculation is 5 
done according to Fuzzy inference which will be ex- 
plained in detail later. 

As is apparent experientially, sensitivity to the color 
difference is different according to a color region 
wherein it is judged. For example, in red family color 10 
and blue family color, the reference value for judging 
the color difFcrcnce is different from each other. 
Namely, the reference value should not be uniform in 
Lab color space and, accordingly, it should be altered 
based on the data of the reference color. 15 

Determination of the reference value for judging the 
color difference should also be altered according to 
conditions other than color, for instance, kind and use 
of an object to be in$p>ected and personal difference in 
the sensitivity of a person who judges the color differ- 20 
ence finally. 

In the present invention, Fuzzy set is introduced to 
take various factors mentioned above into consideration 
so as to be able to judge the color difference in a manner 
taken by an experienced inspector. Namely, know-how 25 
and experiences of the experienced inspector are repre- 
sented by a membership function and the reference 
value for judging the color difference is calculated by 
Fuzzy inference using the membership function. 

FIG. 3 shows four membership functions ^t(L), /i,(a), 30 
fA(b) and ^(cr). From these membership functions, rules 
arc formulated as follows. The general form of the rule 
is {IF fi(L) is Li, /i(a) is ai, ;x(b) is bi; THEN €r is €/. 
}i^=l. 

For instance, {IF ft(L) is dark, p,(a) is red, ft(b) is 35 
yellowish; THEN Cr is €4}, as shown in (c) of FIG. 3. 

The reference value €r determined by these rules is 
used for determining lower and upper limits €i and 
between which a range for judging the color difference 
using Fuzzy inference is are determined by equations 40 
€/=t,— Acrand €(,=€r+ Ac^ respectively wherein Ac^is 

K.€r(K<1.0). 

When it is confirmed that the system is ready for 
measuring the color difference at step S3, power for 
conveying the textile fabrics is switched on at step S4. 45 
When a start signal for measurement is inputted at step 
S5, color data L, a and b of the textile fabrics to be 
inspected are inputted at step S6. Then, at step S7. color 
difference data AL (=L-Lo)f Aa (=a— ao) and Ab 
(=b— bo) and the absolute value 50 



are calculated at step S7. 55 

If AE=c/, it is judged that there is no substantial 
color difference at step S8. 

If AE^Cu, it is judged that there is substantial color 
difference at step S9 and a warning is made by the warn- 
ing device at step SIO. 60 

If €/<AE<Ctt, the judgment of the color difference is 
made using Fuzzy inference at step 11. 

FIG. 4 shows four membership functions ^t(AL), 
fi(Aa), ^(Ab) and fi(AE). 

Rules are also defined as follows. {IF u(AL) is ALi. 65 
/i(Aa) is Aai, ^(Ab) is Abi; THEN ^(AE)}/^=1, 

The membership function fi(AE) for judging the 
color difference fmally is defined in three ways, for 



example, it seems that there is no color difference; it 
seems that there is noi substantial color difference al- 
though there exists a small color difference and it seems 
that there is a significant color difference. 

Since each of three membership functions ^(AL), 
p,(Aa) and ;i(Ab) is defmed in three ways, twenty seven 
rules are defined in sum; for instance 

IF ^(AL) is rather bright; 
Aa is nearly equal; and 
Ab is nearly equal, 

THEN there is no significant color difference. 

FIG. 5 shows a method for selecting or determining 
the most probable rule among 27 rules mentioned 
above. In this preferred embodiment, so called direct 
method is used for the method. 

In order for that, there are provided two rules (l) and 
(2) to be selected according to values of AL, Aa and Ab. 
Head cut of THEN proposition is done according to 
grade values of AL, Aa and Ab to obtain rescjective 
membership functions according to the rules (l) and 
(2). From these membership functions, a membership 
function is composited and, then, the center of gravity 
£0 is calculated from the composite membership func- 
tion. The Fuzzy set having the highest grade of the 
membership function to which the center of gravity £0 
is found out to determine the color difference. In the 
example shown in FIG. 5, since the center of gravity €o 
belongs to the Fuzzy set indicating that there is a signifi- 
cant color difference. 

This final judgment is outputted at step S12 of FIG. 2. 

This judgment process is repeated until it is con- 
firmed that the final data has been treated with at step 
S13. 

When the final data is confirmed or a warning is 
made, the rollers are turned off at step $14 and final 
results arc displayed and/or printed out at step S15. 

The color difference judging system according to the 
present invention is checked experimentally. Hereinaf- 
ter, the experiment having been made will be explained. 

The color sensor used in the experiment was a color- 
imeter CR-210 offered by Minolta and a textile fabrics 
of blue color for men*s suits was selected since it needs 
a fine color difference judgment. 

Data regarding samples having been judged before- 
hand were collected and membership functions for 
judging the color difference were formed. 

FIG. 6 shows sampled data wherein the graph (a) is 
represented by a-b plane and the graph (b) is repre- 
sented by a-L plane. 

FIG. 7 shows membership functions ^(L), p,(a), fi(b) 
and ft(Cf) formed by these data and rules as explained in 
relation to FIG. 4 using these membership functions. 

In FIG. 7, respective numbers represent respective 
Fuzzy sets defined as follows; 

^t(L); 

#1 very dark, #2 relatively dark 

#1 nonchromatic color, 

#2 near to nonchromatic color, 

#3 slightly reddish, 

#4 relatively reddish. 

#5 reddish 

^Cb); 

#1 green, 

#2 near to green, 

#3 relatively green. 
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#4 relatively near to nonchromatic color, there is no color difference. If it locates out of the par- 

#5 near to nonchromatic color tial color space, it is locates out of the partial color 

space, it is judged that there is a sijniificant color differ- 

#1 about 0.5, #2 about 0.6, ence. 

#3 about 0.7, #4 about 0.8, 5 In this case, it becomes necessary to obtain or calcu- 

#5 larger than or equal to 0.9. late three reference values ££*. a* and b* axe and. ac 

Father, FIG. 8 shows membership ^(AL), ^(Aa), cordingly. three rules are defmed as follows; 

/i(Ab) and ft(AE) for judging the color difference. The {IF L* is Li, a* is ai. b* is bi; THEN ei is €l/}A= 1, 

lower and upper limits €/ and c„ are defined from the {IF L* is Li, a* is ai, b* is bi; THEN Ca is Ca/}/^= h and 

reference value obtained by Fuzzy inference. 10 {IF L* is Li, a* is ai, b* is bi; THEN £* us ew},^=: 1, 

Satisfactory results of nearly 100% was obtained in (wherein N. M, P are integers), 

the case that the reference value c^was calculated by Thus, each of the reference values is calculated in 

Fuzry inference. This was checked with use of sampled such a manner as mentioned in relation to FIG. 3 of the 

dau as mput data. Values obtained by Fuzzy inference first preferred embodiment. 

for judging the color difference coincided with results 15 Next, the method for judging the color difference 

ci^ ^^^^ ^« obtained is explained. 

FIG. 9 shows explanatory graphs for explaining the Rules therefore arc defmed as follows; 

credibihty m the conventional binary judging method {if AL is ALi. AE is AEi; THEN f is fi}A= 1, 

and m the judging method according to the present {if Aa is Aai, AE is AEi; THEN f is 0}/^= 1, and 

mvention. 20 {if Ab is Abi. AE is AEi; THEN f is fi}/^= 1, 

The graph (a) mdicates the conventional judging wherein 
method and the graph (b) indicates the judging method 
by the present invention. 

In the conventional method, the color difference is ^ ^* ~ ^* Aa = a* - oor A* = - 

judged only by the reference value €r. Accordingly, the 25 

judgment of the color difference near the reference A£ = N (AL)^ + (^0)^ + <A6)2 and 
value is considered to be made at a credibility of 50% 

from the theory of probability. Also, in the method f is an index used for judging whether or not there is 

according to the present invention, the final judgment is a color difference. 

made with use of two Fuzzy sets that it seems there is no 30 These rules are introduced to check whether or not 

substantial color difference and it seems there is a signif- the measured point locates in the elliptic space defmed 

icant color difference. by €l, €aand eleven if each of the color data L*, a* and 

If the color difference obtained locates in an area b* satisfies each condition, namely AL<€i„ Aa<eo0r 

defmed by a triangular PBC, it becomes impossible to Ab<C6. 

judge definitely. But it is possible to judge definitely if it 35 For example, see FIG. 11. In this case, the measured 

locates in either of areas defmed by triangulars APB and point Q locates out of the elliptic defmed by ca and cb 

DPC. although Aa < €0 and Ab < ct. 

Therefore, the credibility in the judgment is given by It is rather suitable to judge that there is a significant 

a ratio as follows; color different in such a case as mentioned above. 

=(AAPB + ADPC)/AfAPDCB 40 Thus, in this preferred embodiment, the length of the 

=(Area wherein the judgment is made exactly) line segment PQ(=AE) is compared with a distance 6 

/(Whole area of grade in which points on the line between the center P of the elliptic and a cross point of 

segment BC locate). the elliptic with a line connecting points P and Q. 

In the preferred embodiment, the grade value at point However, it is to be noted that the value of 6 is deter- 

P is set at 0.5 and, therefore, the credibility becomes 45 mined by ei, €h AL, Aa and Ab and, accordingly, it 

0.666 (66.7%) which is larger than that by the conven- is impossible to define only rule between AE and S. 

tional method. If the membership functions were de- The index f can be defined in the same manner as in 

fmed so as to minimize the triangular APBC. the credi- the first preferred embodiment 

bUity might be improved much more. But, it may be defined as shown in FIG, 12. 

Second Preferred Embodiment . ^^"^^^^ ^^^^^ first preferred embodiment^ the 

judgment for the color difference with use of Fuzzy 

In this preferred embodiment, another model is em- inference was made and satisfactory results were ob- 

ployed for formulating rules for Fuzzy inference. tained. 

The expert judges the color difference in such a man- It is understood that various other modifications will 

ner that a color of an object seems to be rather reddish 55 be apparent to and can be readily made by those skilled 

or rather bright and yellowish when compared with the in the art without departing from the scope and spirit of 

reference color. This manner corresponds to the judg- the present invention. Accordingly, it is not intended 

ment using L*a*b* color space (CIE 1976 L*a*b* that the scope of the claims appended hereto be limited 

space). Namely, each of color data L*, a* and b* of a to the description as set forth herein, but rather that the 

color of an object is compared with each of color data 60 claims be construed as encompassing all the features of 

L*, a* and b* to check whether or not the former is patentable novelty that reside in the present invention, 

within a tolerance defmed by ±€l, ±€a or ±€b(JL*, a* including all features that would be treated as equiva- 

and b* are within (Lo*±€/,), (a*±ea) and (b*±€fr). lents thereof by those skilled in the art to which the 

respectively. In other words, reference values ct, Coand present invention pertains. 

€b are decided to every axis of L*, a* and b* and, as 65 What is claimed is: 

shown in FIG. 10, if the measured color locates within 1. A method of judging whether the color difference 

a partial color space (elliptic body) defmed by €£, c^and between a color of an object and a reference color is 

Cfrand the color data Lo*, ao* and bo*, it is judged that substantial, said method comprising the steps of: 
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conveying the object to a color measurement station, 

measuring said color of the object, 

calculating a color difTerence between said color of 
the object and said reference color, 

determining whether or not said color difference is 
within a predetermined range in which it is difficult 
to determine if said color difference is definite or 
negligible, and 

judging whether or not said color difference is sub- 
stantial, when it is within said predetermined range, 
with use of Fuzzy inference. 

2. The method as claimed in claim 1, in which said 
predetermined range is determined according to said 
reference color. 

3. The method as claimed in claim 1, in which the 
center €r of said predetermined range is determined by 
Fuzzy inference with rules formed from membership 
functions ^(Lo), ^i(ao). ^bo) and /i(€r), 

said rules being formulated in a general form of 

{IF fi(Lo)=U fi(ao)=ai, fi(bo)=bi; 

THEN;t(€.)=£/},^=l, 
wherein Lo, ao and bo arc L, a, b components of said 
reference color defined in L a b color space. 

4. The method as claimed in claim 3, in which the 
center of said predetermined range is determined for 
each color component of said reference color in said 
color space. 

5. The method as claimed in claim 4, in which each 30 
center of said predetermined range is determined by 
Fuzzy inference with rules of three kinds formulated in 
general forms as follows; 

{IF Lo» is Li, ao* is a/, bo* is b,; THEN tt is €1,},^= 1, 
{IF Lo* is Li, ao* is a/, bo* is b,- THEN €a is €ar}i^= 1, 35 
{IF Lo* is Li, ao* is a/, bo* is b,; THEN tb is ebi}i^= 1 
(N, M, P, are arbitrary integers). 

6. The method as claimed in claim 1, in which said 
Fuzzy inference is made with use of rules formulated in 
a general form as follows; 

{IF ^(AL) is ALi, ^(Aa) is Aai, ^(Ab) is Abi; 

THEN ^(AE)is€/}/^'=l. 
wherein iiQi) is a membership function with a variant 
X, 



8 



40 



AL = £— Z<]bAtf = a~ao.AA=:6 — and 



45 



50 



L, a and b are components of said color of an object 
in L a b color space and Lo, ao and bo are those of 
said reference color. 
7. The method as claimed in claim 1, in which said 

Fuzzy inference is made with use of rules formulated in 

general forms as follows; 
{IF AL is ALi, AE is AEi; THEN f is fi}A= 1, 
{IF Aa is Aai, AE is AEi; THEN f is fi}/*^=l, and 
{IF Ab is Abi. AE is Abi; THEN f is fi}f^= I, 

wherein 

AL = L* - lo\ Aj = ff» - oo*, A6 - bo\ 



15 



20 



25 



A£ = N (AI,)2 + (Aff)2 + (A*)2 : 

L*, a*, b* are components of the color of an object 
measured in L*a*b* color space, Lo*, ao*. bo* are those 
of the reference color; and f is an index used forjudging 
whether or not there is a substantia] color difference. 

8. A method as in claim 1, wherein said object is 
fabric. 

9. A method as in claim 8, wherein said fabric is con- 
veyed via conveyor rollers. 

10. Apparatus for judging a color difTerence between 
a color an object and a reference color comprising; 

means for entering color data of said reference color, 
means for conveying the object to a color measure- 
ment station, said station including means for mea- 
suring said color of the object to obtain color data 
thereabout, 

means for calculating a color difference between said 
color of the object and said reference color. 

means for determining whether or not said color 
difference is within a predetermined range in 
which it is difficult to determine if said color differ- 
ence is definite or negligible, 

and means for judging whether or not said color 
difTerence is substantial, when it is within said pre- 
determined range, with use of Fuzzy inference. 

11. An apparatus as in claim 10, wherein said object is 
fabric. 

12. An apparatus as in claim 11, wherein said means 
for conveying includes conveyor rollers along which 
the fabric is conveyed. 

13. An apparatus as in claim 10, wherein said means 
for measuring color is a camera. 

14. An apparatus as in claim 10, wherein said means 
for entering color data includes a keyboard op>erative]y 
connected to a CPU. 
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